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(57) ABSTRACT

A method of producing acid resistant anti-static building
material covering 1s presented. The method uses a pasty or
liquid joint filling mixture of alkali metal silicate binder and
powder components. The production of an acid resistant and
clectricity dissipating building material covering on a
mechanically stable substrate includes: (a) covering the
substrate with boards laid in a conductive laying material
which is contacted with a dissipation connection; (b) pre-
paring a jointing material by mixing an alkali metal silicate
binder component with a powder component 1n the presence
of water to form a pasty or liquid jointing material; (c) filling
the joints left between the boards with the jointing material;
and (d) allowing the jointing material to set

21 Claims, No Drawings



US 6,635,316 Bl

1

METHOD FOR PRODUCING AN ACID-
RESISTANT, ELECTRICALLY CONDUCTIVE
BUILDING MATERIAL COVERING

The 1nvention relates to a method of producing an
acid-resistant and electrically conductive building material
covering on a mechanically stable substrate, for instance on
a tloor or a wall.

A method of the type referred to above 1s disclosed in, for
instance, the worksheet, p 30, from the Arbeitsgemeinschaft
Industriebau e.V. (AGI) dated December 1994, which con-
tains 1nstructions for producing electrically conductive floor
coverings. Such floor coverings are required with an acid-
resistant construction where special requirements are
present relating to detonation risks as a consequence of
clectrostatic charges, for instance in regions at risk of
explosion. In order to produce such floor coverings, a
sealing layer (sealing sheet or liquid film) is firstly applied
o a substrate. Tiles or plates are laid on this sealing layer in
a bedding material. After setting or bonding of the bedding
material, the joints between the tiles or plates are filled with
a grouting material. The bedding material must be electri-
cally conductive. In order to produce contact with an earth
connection, conductive copper strips are embedded 1n the
bedding material beneath the tiles or plates. The floor
coverings can be produced with continuously conductive
plates, with tiles with a conductive glaze or with non-
conductive plates. If continuously conductive plates are
used, the grouting material can also comprise a non-
clectrically conductive cement or mortar. If tiles with a
conductive glaze are used, conductive cement or mortar
must be used both for the bedding material and for the
grouting material.

The same applies when using non-conductive plates; in
this case the plates should additionally not exceed a maxi-
mum size and the butt joints must be flush with the surface.

Synthetic resin cements, for example, are used as elec-
trically conductive bedding and grouting materials, the
specific resistance of which 1s reduced by additives, such as
oranular coke, graphite, carbon fibres and soot, to the extent
that they have the conductivity necessary for grounding
clectrical charges. Hydraulically setting mortars are also
used which are made to be electrically conductive by mixing,
in graphite or soot. The above specification defines an object
as conductive 1if 1ts specific resistance<10£2*m. As well as
the addition of electrically conductive particles based on
carbon, as an alternative the addition of metallic powders,
metallic fibres or metallised glass, ceramic and plastic
bodies 1s recommended.

Of disadvantage with the mixtures made conductive with
carbon particles 1s, above all, their dark coloration, which
limits the breadth of variation of the design possibilities,
above all in the joint region. The addition of metal particles,
on the other hand, can result in an 1impairment of the acid
resistance.

It 1s therefore the object of the mvention to provide an
alternative electrically conductive and acid resistant floor
covering.

In the method in accordance with the invention a
mechanically stable substrate 1s covered with plates laid in
a (for instance conventional) conductive bedding material,
whereby contact of the bedding material to an earth con-
nection 1s produced and whereby gaps remain between the
plates. An alkali silicate bonding agent component and a
powder component, which bonds with this alkali silicate
bonding agent component 1n the presence of water, are then
provided. The powder component 1s mixed with the alkali
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silicate bonding agent component 1n the presence of water 1n
order to produce a pasty or liquid grouting composition; the
cgaps are then filled with the grouting composition, where-
after the grouting composition sets.

In the method 1n accordance with the imvention, the
starting point 1s the mixing 1n of electrically conductive
carbon or metal particles, which has been practised for
decades. The 1nvention 1s based on the recognition that a
ogrouting composition produced by means of an alkali sili-
cate bonding agent component, makes sufliciently electri-
cally conductive grouting possible. Furthermore, an alkali
silicate bonding agent component permits the production of
a grouting composition with an excellent chemical resis-
tance to acid and alkal1 solutions and with high mechanical
strength, freedom from cracking and fire resistance.

The grouting composition can be trowelled or washed
into the gaps. The gaps are preferably filled with the grouting
composition such that a substantially planar surface of the
building material coating 1s formed.

It has been found that the addition of calcium oxide
compounds and cement-like compounds reduce the acid
resistance. The powder component should be substantially
free of such compounds, this meaning that their proportion
in the total mixture should be less than 3% by wt., preferably
significantly below this limit. Surprisingly, 1t has further
transpired that minerals containing iron oxide, such as
cgarnet or biotite, also significantly impair the acid resistance,
particularly under the action of sulphuric acid. A powder
component 1s therefore preferably used which 1s substan-
tially free of compounds containing 1ron oxide.

A mechanically stable substrate 1s any substrate present
in the form of a floor or a wall which withstands all
mechanical stresses prevailing in the specific case such that
over-stressing of the applied layers or crack formation do not
OCCUL.

The powder component of the grouting composition
preferably has light coloured or white components and an
acid- and alkali-resistant pigment. Flexible colour design of
the joints 1s possible with such a grouting composition.

In an advantageous embodiment of the method, a powder
component 1s used which contains an inert filler component
in an amount of up to 70% by wt. Quartz sand or a mixture
of different quartz sands 1s preferably used as the 1nert filler
component. The addition of the inert filler component
reduces the costs of the building material mixture and can
furthermore have a positive influence on the setting perfor-
mance.

An alkali silicate bonding agent component 1s preferably
used which has a molar ratio of the silicon dioxide to the
alkali oxide of less than 2.3:1. In one embodiment of the
method 1n accordance with the invention an aqueous alkali
silicate solution 1s provided as the alkali silicate bonding
agent component which 1s mixed with the powder compo-
nent without the addition of further water. A sodium or
potassium water glass solution, for 1nstance, can be used as
the aqueous alkali silicate solution, whereby a potassium
water glass solution 1s more suitable for the production of
the building material mixture by reason of its lower viscos-
ity. The alkali silicate solution preferably has a solid material
content of 40 to 50%. The powder component 1s preferably
mixed with 5 to 50% by wt., preferably about 13 to 14% by
wt. alkali silicate solution. A potassium water glass solution
with a molar ratio of S10,:K,O of less than 2.3:1, preferably
between 0.8:1 and 1.5:1, 1s preferably used.

In an alternative embodiment of the method 1n accor-
dance with the invention, a pulverulent alkali silicate bond-
ing agent component can be provided, whereby the pulveru-
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lent alkali silicate bonding agent component 1s mixed with
the powder component during the preparation and the pasty
or liquid grouting composition 1s then produced by adding
water to the mixture. The pulverulent alkali silicate bonding,
agent component preferably constitutes 2.5 to 25% by wt. of
the prepared mixture. The mixture 1s preferably mixed with
about 5 to 25% by wt. water.

A preferred embodiment of the method 1n accordance
with the 1nvention 1s characterised 1n that a powder compo-
nent 1s used which has an activated silicon dioxide compo-
nent. In distinction to an 1nert component containing silicon
dioxide, an activated silicon dioxide component i1s to be
understood to be a component which 1s able to enter into a
setting reaction with the alkali silicate component. An acti-
vated silicon dioxide component generally has surface active
microparticles which have been produced by grinding, pre-
cipitation or deposition. At least one substance 1s preferably
used as the activated silicon dioxide component from a
oroup which includes pyrogenic silica, precipitated silica,
silica dust, glass flour and fly ash or electrostatic filter ash
with a high silicon dioxide content.

In an advantageous embodiment of the method 1n accor-
dance with the invention, a powder component 1s used
which, 1n addition to the activated silicon dioxide
compound, contains at least one further activated component
from a group of activated components, the group of acti-
vated components comprising activated aluminium oxy
components and the pozzuolanic components fly ash, elec-
trostatic filter ash, trass, burnt o1l shale, ground blast furnace
slag and ground foundry sand. A reactive mixture 1s prei-
erably produced from the silicon dioxide component and the
further activated component in which the proportion of the
silicon dioxide component is less than 50%. This reactive
component can be mixed with an inert component and
further additives and supplements to form the powder com-
ponent.

In a preferred embodiment of the method 1n accordance
with the invention, a powder component 1s used which
contains a reactive mixture of the activated silicon dioxide
component and an activated aluminium oxy component, the
content of the activated silicon dioxide component 1n the
reactive mixture being smaller than the content of the
activated aluminium oxy component and the powder com-
ponent being substantially free of calcium dioxide
compounds, cement-like compounds and compounds con-
taining 10n oxide. A powder component 1s preferably used in
which the content of the activated silicon dioxide component
in the reactive mixture corresponds to about 5 to 50% of the
content of the activated aluminium oxy component. It has
transpired that excellent mechanical strength, freedom from
cracking and resistance to acid and alkali may be achieved
with such a mixture. Furthermore, such a mixture permits
the use or selection of components with a low inherent
coloration, whereby the production of resistant, electrically
conductive and light coloured joints 1s made possible.

The aluminium oxy component of the reactive mixture
can contain aluminium silicates, such as andalusite,
sillimanite, cyanite and/or mullite, or lumino-silicates, such
as mica. The activated aluminium oxy component preferably
includes at least 60% by wt. aluminium oxides and/or
aluminium hydroxides. The activated (for instance microc-
rystalline or amorphous) aluminium oxides including both
pure aluminium oxides such as carrandum, and also certain
mixed oxides, such as spinel. The activated aluminium
hydroxides can 1include, for instance, the minerals
hydrargillite, gibbsite, bohmite, diaspor, alumogel or
sporogelite; so-called active clay, bauxite or laterite, can also
be used.
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In a preferred embodiment of the method 1n accordance
with the 1nvention, the activated aluminium oxy component
1s calcined bauxite or hydrargillite. The term “calcined
bauxite” refers to an intermediate product in the production
of aluminium by the Bayer process, whereby 1t 1s substan-
tfially calcined hydrargillite. The use of calcined bauxite
provides the advantage of relatively unmiform quality and
produces constant volume building material. A large advan-
tage 1s furthermore the low inherent coloration of the
powder component, which permits white or coloured pig-
mented coatings and grouting compositions. The acid- and
alkali-resistant pigment 1s preferably mixed in with the
powder component.

In a preferred embodiment of the method 1n accordance
with the mnvention a powder component 1s prepared which
contains about 30 to 60% by wt., preferably 40 to 50% by
wt., of the reactive mixture, the reactive mixture containing
5 to 90% by wt., preferably 40 to 80% by wt., of the
aluminium oxy component and 4 to 40% by wt., preferably
8 to 15% by wt., of the silicon dioxide component. It has
been found that the content of the silicon dioxide component
should be significantly smaller than that of the aluminium
oxy component. In an advantageous embodiment the pow-
der component contains up to 40% by wt., preferably 2 to
4% by wt., foundry sand flour. Furthermore, glass flour,
oround blast furnace slag and/or ground blast furnace sand
can be added to the powder component as components of the
reactive mixture.

Further advantageous embodiments of the method in
accordance with the 1nvention are characterised in the
dependent claims.

A preferred embodiment of the method in accordance
with the 1nvention 1s given below 1n which building material
mixtures are used, both for a bedding material for plates or
tiles and also for the grouting material, which are produced
by mixing a powder component with an alkali silicate
bonding agent component in the presence of water, the
powder component including a reactive mixture containing
an activated silicon dioxide component and activated alu-
minium oXy component.

Firstly, the mechanically stable substrate, 1.e. a standard
screed or concrete, 1s prepared 1n the conventional manner.
A sealing layer, for mstance, 1s applied to 1it.

A powder component 1s then prepared, which has a
reactive content (also referred to as the bonding agent
content) of about 45% by wt. It also contains an inert quartz
sand mixture content of about 53% by wt. Other impurities
and adjuvants of the powder component (for instance fibres
and wetting agents) account for about 2% by wt.

The powder component 1s free of cement and cement-
like compounds, long chain organic compounds (polymers),
calcium compounds (particularly lime) and iron compounds.
The presence of cement, cement-like compounds or calcium
compounds would destroy the acid resistance. It has tran-
spired surprisingly that iron-containing minerals, such as
garnet or biotite, also significantly impair the acid resistance,
particularly under the action of sulphuric acid.

The reactive mixture of the powder component contains
a relatively small proportion of silica dust and/or pyrogenic
silica, which 1s preferably 4 to 7% by wt. of the powder
component. The reactive mixture also contains calcined
bauxite, constituting an activated aluminium oxy
component, up to an amount which i1s about 25 to 35% by
wt. of the powder component. Furthermore, the reactive
mixture of the powder component can contain fly ash,
foundry sand, blast furnace slag and/or alumosilicate and
aluminium silicate compounds.
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A potassium water glass solution 1s also prepared which
has a solid content of 45 to 50% by wt., preferably about
50%. The prepared powder component 1s mixed with the
potassium water glass solution, whereby a pasty alkali
silicate mortar 1s produced. An amount preferably of 13 to
14% by wt. of the 50% potassium water glass solution 1s
added to the powder component.

The alkali silicate mortar 1s applied to the prepared
substrate. Before the application of the alkali silicate mortar
to the prepared substrate, a copper strip 1s positioned 1n a
or1id of 5x5 m. The mntersection points of the copper strip are
connected by solder connections. Contact 1s also produced
with an earthing connection. The pasty building material
mixture can then be applied, into which the tiles are laid. In
order to prevent mechanical destruction of the copper strip
when applying the mortar, the conductive strip can alterna-
fively be pressed into the freshly applied building material
mixture. Acid-resistant tiles are then laid before setting of
the mortar. The tile size should not exceed 15x15 cm®.

After a setting time of at least 24 hours, a powder
component and potassium water glass solution are again
prepared. A grouting composition 1s mixed from the two
components. The powder component prepared for the grout-
Ing composition contains a reactive mixture with a low
inherent coloration, an inert filler component of light
coloured quartz sand and acid- and alkali-resistant pigments.
For 1nstance, white pigment 1s used 1 an amount of about
3%. The prepared powder component 1s mixed with about
13 to 14% by wt. alkali silicate solution.

The gaps are then filled by trowelling or pouring in the
ogrouting composition. The grouting 1s so performed that the
joint gap 1s {illed flat, 1.e. the normally concave washout 1s
avolded.

The grouting composition 1s then permitted to set.

What 1s claimed 1s:

1. A method of producing an acid-resistant and electri-
cally conductive building material coating on a mechani-
cally stable substrate, wherein:

a) the substrate is covered with plates laid in a conductive
bedding material, contact of the bedding material with
an carthing connection being produced and gaps
remaining between the plates;

b) a grouting composition is prepared by mixing an alkali
silicate bonding agent component with a powder com-
ponent 1n the presence of water 1 order to produce a
pasty or liquid grouting composition, whereby a pow-
der component 1s used, which sets with the alkali
silicate bonding agent component in the presence of
water;

¢) the gaps are filled with the grouting composition; and

d) the grouting composition is permitted to set.

2. The method as claimed 1n claim 1, wherein the grouting
composition 1s trowelled into the gaps.

3. The method as claimed 1n claim 1, wherein the grouting
composition 1s poured into the gaps.

4. The method as claimed 1n claim 1, wherein the gaps are
so filled with the grouting composition that a substantially
planar surface of the building material covering 1s formed.

5. The method as claimed 1n claim 1, wherein a powder
component 1s used which is substantially free of compounds
containing iron oxide.

6. The method as claimed 1n claim 1, wherein a powder
component 1s prepared which contains an 1nert filler com-
ponent 1n an amount of up to 70% by wt.
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7. The method as claimed 1n claim 1, wherein the alkali
silicate bonding agent component has a molar ratio of the
silicon dioxide to the alkali oxide of less than 2.3:1.

8. The method as claimed 1n claim 1, wherein an aqueous
alkali silicate solution 1s prepared as the alkali silicate
bonding agent component, which 1s mixed with the powder
component without the addition of further water.

9. The method as claimed 1n claim 8, wherein a powder
component 1s used which has an activated silicon dioxide
component.

10. The method as claimed 1n claim 9, wherein the powder
component 15 mixed with 5-50% by wt. alkali silicate
solution and the alkali silicate solution has a solid material
content of 40-50% by wit.

11. The method as claimed 1n claim 10, wherein the
powder component 1s mixed with 13-14% by wt. alkal
silicate solution.

12. The method as claimed 1n claim 9, wherein the alkali
silicate solution 1s a potassium water glass solution with a

molar ratio of S10,:K,0O smaller than 2.3:1.
13. The method as claimed 1n claim 12, wherein the molar

ratio 1s 1n the range between 0.8:1 and 1.5:1.

14. The method as claimed i claim 1, wherein a pul-
verulent alkali silicate bonding agent component 1is
prepared, the pulverulent alkali silicate bonding agent com-
ponent 1s mixed with the powder component during the
preparation and the pasty or liquid grouting composition 1s
produced by adding water to the mixture of the pulverulent
alkali silicate bonding agent component and the powder
component.

15. The method as claimed 1n claim 14, wherein the

pulverulent alkali silicate bonding agent component has a
content of 2.5-25% by wt. 1n the prepared mixture before the
addition of the water.

16. The method as claimed 1n claim 15, wherein the

mixture 1s mixed with about 5-25% by wt. water.

17. The method as claimed 1n claim 1, wherein a powder
component 1s used which has an activated silicon dioxide
component.

18. The method as claimed 1n claim 17, wherein at least
onc material 1s used as the activated silicon dioxide com-
ponent from a group, the group including pyrogenic silica,
precipitated silica, silica dust, glass flour and fly ash.

19. The method as claimed 1n claim 18, wherein a powder
component 1s used which, 1n addition to the activated silicon
dioxide component, contains at least one further activated
component from a group of activated components, the group
of activated components including activated aluminium oxy
components and the pozzuolanic components, wherein the
pozzuolanic components comprises fly ash, electrostatic
filter ash, trass, burnt o1l shale, ground blast furnace slag and
oround foundry sands.

20. The method as claimed 1n claim 1, wherein a powder
component 1s used in which the amount of the activated
silicon dioxide component 1n the reactive mixture corre-
sponds approximately to 5 to 50% wt. of the amount of the
activated aluminium oxy component.

21. The method as claimed in claim 20, wherein a powder
component 1s used 1n which the activated aluminium oxy
component comprises an aluminium oxide, an aluminium
hydroxide and/or an aluminium silicate.
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